Differential Effects of Neonatal Testosterone Treatment on Aggression in Two Selection Lines of Mice by Compaan, Josje C., et al.
Physiology & Behavior, Vol. 51, pp. 7-10. ©  Pergamon Press plc, 1991. Printed in the U.S.A.  0031-9384/92 $5.00 +  .00 
Differential Effects of Neonatal Testosterone 
Treatment on Aggression in Two 
Selection Lines of Mice 
JOSJE C.  COMPAAN,  ANNE  J.  H,  DE RUITER, JAAP M.  KOOLHAAS, 
GEERT A.  VAN OORTMERSSEN  AND BI~LA BOHUS 
University of Groningen,  Department of Animal Physiology,  P.O.  Box 14,  9750 AA Haren,  The Netherlands 
Received 3  January  1991 
COMPAAN,  J.  C.,  A. J.  H.  DE RLqTER,  J.  M.  KOOLHAAS,  G.  A. VAN OORTMERSSEN  AND B.  BOHUS.  Differential 
effects of neonatal testosterone treatment on aggression in two selection lines of mice. PHYSIOL  BEHAV 51(1) 7-10,  1992.- 
Selection  lines  of mice, artificially  selected  for aggression  based  upon  the  attack  latency  score  (ALS),  were  used.  In order  to 
determine the relative  contribution  of neonatal testosterone  (T) in the development  of aggression,  we vary the plasma-T  level in 
males of both selection lines on the day of birth.  At 14 weeks the ALS was measured.  Neonatal T treatment results in a reduction 
of aggression  in the  long attack  latency  (LAL) line,  whereas  aggressive behaviour  of the  short attack  latency  (SAL) line  is not 
affected.  Both selection lines show reduction in testicular weight,  although the total amount of T-producing Leydig cells was not 
affected.  Neonatal T may cause a permanent reduction in aggressive behaviour in the LAL line only,  probably due to differential 
appearance of critical periods.  It is suggested that the difference in aggressive behaviour between SAL and LAL selection lines is 
due to a prenatally determined difference in neonatal T sensitivity of the brain. 
Aggression  Testosterone  Ontogeny  Sexual differentiation 
IN  wild populations  of house  mice (Mus musculus domesticus) 
in the Netherlands,  there exists a bimodal distribution of aggres- 
sive behaviour within the population.  As shown in earlier exper- 
iments,  we  found  that  this  distribution  has  a  genetic  basis 
(22,23).  In our  laboratory,  these  mice were artificially selected 
further for aggression, based upon the attack latency score (ALS) 
(21).  Three  selection lines  are  available now,  one for short  at- 
tack  latency  (SAL)  and  another  for long attack  latency  (LAL), 
and  a  randomly bred  control line.  The two extremes differ in a 
variety of behavioural  test  situations,  and  thereby  display  a  to- 
tally different strategy of coping with social and nonsocial envi- 
ronmental  challenge,  designated  as  active  and  passive  coping 
(4-7).  The success of this  selection further  supports  the signifi- 
cance of genetic factors in social (aggressive) behaviour. 
In the present study,  we will concentrate on the difference in 
aggressive behaviour only.  Numerous  studies  show that  plasma 
testosterone (T) facilitates aggressive behaviour in both male and 
female animals at adult age (3,  8,  11).  In ontogeny, the onset of 
fighting behaviour  in  male  mice coincides with the  first prepu- 
beral  rise in T  level (1,18).  Castration  neonatally,  prepuberally 
or at an adult  age,  reduces intermale aggression,  whereas T  re- 
placement restores this behaviour (2,24).  In rats,  a positive cor- 
relation  between  baseline  T  level and  aggression  was  reported 
(29).  In  addition,  SAL males have a  higher baseline  plasma  T 
level than  LAL-type  males  of the  unselected-control  line  (24). 
Furthermore,  van  Oortmerssen  et  al.  (24)  reported  that  SAL 
males  show  a  higher  response  following  T  replacement  after 
castration  around  the  onset  of puberty.  The  authors  suggested 
that  the  difference  in responsiveness  to T  is  probably  due  to  a 
differential sensitivity of the central nervous system (CNS) to T. 
The  differential  sensitivity  may  be  caused  by  differences  in  T 
level during prepuberal phases  of life. A  short rise in plasma T 
occurs in male rats  (12)  and  mice (19)  immediately after birth. 
Studies  from  the  late  sixties  (9,  10,  13,  14)  revealed that  this 
neonatal T  surge is involved in a  permanent organization of the 
CNS  resulting  in  higher  responsiveness  to  T,  and  thereby  the 
activation of aggression  in  adulthood  of both  male  and  female 
animals  (organization-activation  model).  Neonatal  androgen  ex- 
posure  is  necessary  to  further  sensitize  the  CNS  to  the  ag- 
gression-eliciting  property  of  T  later  on  [(2,  27,  28)  for 
review: (16)]. 
Hence,  it is conceivable that  a  variation  in neonatal  T  level 
is  an  important  causal  factor in the differential  development of 
aggressive behaviour and/or in CNS T  sensitivity in these selec- 
tion lines.  Accordingly,  we  vary in this  experiment  the plasma 
T  level immediately after birth  in order to study  the interaction 
of neonatal T  and  genetic factors in the development of aggres- 
sive  behaviour  using  two  selection  lines  of  wild  house  mice. 
Therefore,  we  injected  male  mice  of both  selection  lines  with 
testosterone propionate (TP) on the day of birth, and investigated 
their aggressive behaviour in adulthood. 
METHOD 
Animals 
Mice (Mus musculus domesticus) bred in our laboratory were 
used.  They  were  artificially  selected  for  either  long  attack  la- 8  (?()MP,kAN  I-'l  ~\J 
tency  (LAL)  or  short  attack  latency  (SAL)  (generations:  LAL 
14--16;  SAL  37-38).  Parents  were  housed  in  small  Plexiglas 
cages (17×  11 × 13  cm),  with sawdust bedding  in animal rooms 
with  a  controlled  light/dark  cycle  (L:D= 12:12;  lights  off  at 
12:30  a.m.)  and  temperature  (19-21°C).  Standard  lab chow and 
water  was  available  ad  lib.  On  the  morning  after  the  night  of 
birth (day 0),  all pups  were treated  with testosterone or vehicle. 
At  three-weeks  postpartum,  the  young  animals  were  separated 
from the parents.  At an  age of 6-8  weeks,  the  individual  males 
were  housed  with  a  normal  female  in  standard  cages  (17× 
11 × 13  cm).  Aggressive behaviour  was  tested  at  the  age  of  14 
weeks. 
Treatment 
On  day  0,  between  11:00  and  12:00  a.m,  a  complete  litter 
was  injected  subcutaneously  (SC)  in  the  neck  area  with  either 
20  Ixl  testosterone  propionate  (TP)  dissolved  in  oil  (Organon: 
Neo-Hombreol U.R.  RVG00045)  or just  ground  nut  oil.  Either 
a  low (ITP=0.64  txg)  or a  high dose TP (hTP=324.0  ~g) was 
administered.  This  neonatal  treatment  resulted  in three  different 
groups  in  both  selection  lines:  oil  (SAL:  n= 37;  LAL:  n=25), 
1TP  (SAL:  n=31;  LAL:  n=26)  and  hTP  (SAL:  n=25:  LAL: 
n = 20). 
Behavioural Testing 
As a measure of aggressive behaviour the attack latency score 
(ALS) was used (21).  This ALS is the mean of the attack laten- 
cies  scored  on  three  consecutive  days,  between  1:00  and  3:00 
p.m.  Each experimental animal was confronted with a  standard, 
gonadally intact, male albino mouse opponent (MAS-GRO). The 
test was terminated immediately after an  attack  occurred,  or,  in 
the  absence  of any  attack,  after  10  minutes.  For those  animals 
which did not fight at all the ALS is 600  s. 
Histology 
Four weeks after behaviourial testing, the animals were weighed 
and  sacrificed.  The testes  were removed, cleaned and  weighed. 
The mean weight of the two testes per individual was calculated 
(testicular weight = TW).  According to de Ruiter et al.  (26),  we 
measured  the  T  production  at  adult  age  using  a  morphometric 
analysis  of testicular Leydig cells.  These cells were  stained  en- 
zymohistochemically  for  AS-313-hydroxy  steroid  dehydrogenase 
(3[3-HSD).  Using  a  computer  image  analyzing  system  (IBAS), 
we  calculated  the  area  percentage  (AREA  %)  and  the  total 
amount of Leydig cells in a testis. 
Statistics 
A  two-way  analysis  of  variance  was  performed  on  the  ag- 
gression data and testicular weights.  These were of a  two (SAL 
and LAL males) by three (oil, 1TP,  and hTP neonatal treatment) 
factorial design.  Another ANOVA was performed on the histo- 
logical data  of  a  two  (SAL  and  LAL  males)  by  two  (oil  and 
hTP) factorial design. Significant treatment effects between groups 
were determined with post hoc Dunnett's test (20). 
RESULTS 
Aggressive Behaviour 
The  mean  attack  latencies  (ALS)  of  adult  SAL  and  LAL 
males neonatally treated  with oil,  a  low (1TP) or a  high dose of 
testosterone  propionate  (hTP)  are  presented  in  Fig.  1.  A  two- 
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FIG.  1. Mean attack latency (ALT  +  SEM) of males, neonatally treated 
with oil (open bars),  low dose TP (lightly hatched barsl or high dose TP 
(heavily hatched bars) (*p<0.05). 
lines (p<0.001),  and of neonatal T  treatment (p<0.05)  and also 
a  significant  interaction  (p<0.05)  between  selection  line  and 
neonatal treatment exists.  The neonatally oil-treated animals did 
not differ from nontreated males in both selection lines (data not 
shown).  Neonatally  oil-treated  SAL  (ALS = 23.0- 5.1  s)  and 
LAL males (ALS = 366.2 ___45.8 s) show a  significant difference 
in latency to attack the opponent (p<0.001).  Moreover, all SAL 
males  did  attack  the  albino,  whereas  no  more  than  68.0%  of 
LAL males  show fighting behaviour within  10  minutes.  Neona- 
tally  hTP-treated  LAL  males  (LAL-hTP)  attack  significantly 
slower  (ALS=498.2-35.1  s)  compared  to  males  treated  with 
either oil  or  1TP  (ALS=360.8~44.3  s)  of the  same  selection 
line  (p<0.05).  Less  than  half of this  LAL-hTP group  displays 
fighting  behaviour  (40.0%).  In  contrast,  the  already  short  ALS 
of  SAL  males  remains  unaffected  after  a  neonatal  T  injection 
(Fig.  1).  Each male of this selection line attacks the albino,  irre- 
spective of neonatal treatment.  Thus  neonatal hTP treatment  re- 
duces the aggressive behaviour in LAL males, whereas aggression 
in SAL males is not affected. 
Histology 
Testicular weight (TW) at adult age is reduced in both selec- 
tion lines after the TP injection on day 0.  Table  1 depicts mean 
absolute (TW) and relative (rTW) testicular weight of neonatally 
treated  SAL and  LAL males at  adult  age.  A  two-way  ANOVA 
reveals  significant effects  of selection  lines  (p<0.001),  and  of 
neonatal T  treatment (p<0.01)  on both TW and rTW.  A  signifi- 
cant  reduction  in  TW  (p<0.05;  Dunnett's  test)  of  LAL-hTP 
compared to all other treated groups was observed. Furthermore, 
in  SAL  males,  neonatal  hTP  results  in  a  significant  reduction 
(p<0.05)  of rTW compared to neonatally oil-treated SAL males. 
Just in the oil and  hTP groups,  we measured  the T  produc- 
tion  (Table  1),  because  hTP  only  significantly affected  aggres- 
sion  neonatally  in  the  LAL  line,  and  testicular  weight  in both 
selection  lines.  ANOVA  reveals  a  significant  treatment  effect 
(p<0.05)  and  interaction  with  selection  line  (p<0.05)  in  the 
AREA  %  of Leydig  cells.  In  the  neonatally  hTP-treated  LAL 
males a higher AREA % of Leydig cells was found compared to 
the  neonatally  oil-treated  males  (p<0.05).  A  significant differ- NEONATAL TESTOSTERONE  AND AGGRESSION  9 
TABLE  1 
MEAN TESTICULAR WEIGHT ( _+ SEM) AND LEYDIG CELLS AT ADULT AGE OF LAL 
AND SAL MICE NEONATALLY TREATED WITH TP OR OIL 
Testicular  Weight  Leydig Cells 
Neonatal  Absolute  Relative  Area  Amount 
Treatment  (mg)  (mg/g body weight)  (%)  (mg) 
SAL 
oil  94.8  ±  4.0  4.37  •  0.14  3.81  _  0.32  3.72  ±  0.34 
1TP  84.2  ±  2.8  4.04  ~  0.15  --  -- 
hTP  86.7  _+  2.9  3.88  ±  0.14t  3.91  +_ 0.17  3.32  _  0.17 
LAL 
oil  84.2  __  3.1  3.69  -+ 0.19~:  2.99  --- 0.36  2.68  ±  0.31z~ 
ITP  75.8  +_  5.1  3.54  +_ 0.19  --  -- 
hTP  64.2  ±  4.2*  2.78  _+ 0.19"  4.36  ±  0.36t  2.98  ±  0.28 
*tSignificant treatment effect (*p<0.01; tp<0.05). 
:~Significant selection  line effect (/9<0.05). 
ence  (p<0.05)  was  reached  in  the  amount of  Leydig  cells  be- 
tween LAL and SAL males neonatally oil treated.  However,  no 
significant treatment effect  was  reached  in  the  total  amount  of 
Leydig cells, due to a  lower TW after neonatally hTP. 
DISCUSSION 
The  males  of  the  selection  lines  used  in  the  present  study 
were  genetically  selected  for  aggression  based  upon  either  a 
short or a  long ALS.  After a  neonatal oil treatment, this differ- 
ence in aggression is maintained.  However,  enhancing the con- 
centration of the neonatally circulating T  results in a higher ALS 
in the LAL line only,  i.e.,  a  further reduction in aggressive be- 
haviour  at  an  adult  age,  whereas  aggressive  behaviour  of  the 
SAL selection line remains unaffected.  The results are  in accor- 
dance  with  the  reduction  in  masculine  sexual  behaviour  as 
observed  in  male  rats  after  high  TP  levels  induced  on  day 
3  postnatally (34)  or perinatal exposure to high levels of andro- 
gen (25). 
The reduction  in aggressive  behaviour may  be due  to  lower 
levels of adult plasma T  associated with the decline in TW.  In- 
deed,  in agreement with earlier reports (15,34) a  dose-dependent 
reduction in testicular weight was found.  However,  this was ob- 
served in both selection lines.  Moreover,  the results of the Ley- 
dig cell analysis indicate that after neonatal hTP treatment in the 
LAL line, the amount of T  producing Leydig cells increased per 
unit testis tissue.  Accordingly,  the production of T  seems to re- 
main  on  the  same  level  in  both  oil-  and  hTP-treated  animals. 
Vanderstichele et al.  (30) also showed that in neonatally androg- 
enized male rats,  although TW has been reduced,  the basal ste- 
roidogenesis is maintained due to an increased synthesis per unit 
of testis  tissue.  Hence,  it  is  not  simply  a  decline  in  plasma  T 
due to neonatal hTP treatment that causes a  reduction in aggres- 
sion at adult age in LAL males.  The most plausible explanation 
is that the neonatal T  treatment results in a  lower androgen sen- 
sitivity of the CNS in the LAL males. This is in accordance with 
our previous experiments indicating that LAL males (24) and fe- 
males (preliminary results: Compaan et al.,  1991; in preparation) 
are less sensitive to a  selected T  dose in adulthood. The present 
experiment suggests that this difference in CNS  sensitivity to T 
at adult age  is possibly due  to  different neonatal endogenous T 
levels.  A  recent study shows  that the nonaggressive LAL males 
indeed produce  more T  neonatally than SAL  males (26).  At an 
age  of  23  days,  this  difference  has  already  turned  in  favour 
of  SAL  males.  Hence,  a  differential  neonatal  T  production 
might be involved in the differentiation of aggressive behaviour 
at adult age. 
Surprisingly, the SAL males do not react to neonatal T  treat- 
ment,  indicating  a  difference  in  susceptibility  of  the  neonatal 
brain to T.  This may be due to prenatal factors.  Around day  18 
postconception a  T  surge occurs which is involved in the sexual 
differentiation of the  brain  (32,33).  The  occurrence  of two  an- 
drogen-dependent phases  is  suggested:  1)  a  high T  level prena- 
tally organizes the CNS  of developing fetuses to 2)  testosterone 
circulating  in  lesser  amounts  neonatally  (17,31).  Probably  the 
SAL CNS has been organized during the prenatal critical period, 
whereas the LAL CNS can still be organized neonatally. In con- 
clusion,  these  results  suggest  that only  in  the  LAL  line  an  in- 
creasing T  level after birth causes a reduction in aggression. This 
is possibly  due  to  a  downregulation of CNS  androgen sensitiv- 
ity.  Probably  the  difference  in  adult  aggressive  behaviour be- 
tween  SAL  and  LAL  selection  lines  is  due  to  a  genetically 
determined difference in critical periods: prenatal sensitization to 
T  in the SAL and neonatal downregulation of androgen sensitiv- 
ity in the LAL  selection line.  Whether this perinatal differential 
T  surge is also involved in the development of coping strategies 
remains to be solved. 
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